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© Notch antenna with mlcrostrlp feed. 



© The subject invention provides an improved con- 
fonnal antenna array assembly having a strip con- 
ductor, a ground plane separated from and lying 
parallel to said strip conductor, ^said ground plane 
having a slot therein, said slot extending transverse 
to said strip conductor, a conddctive planar element 
positioned across said slot and orthogonal to said 
ground plane, said conductive planar element having 
-^curved surfaces extending' upwardly and outwardly 
5? from said slot. The strip conductor or microstrip and 
the slot-containing ^ground plane jare separated by a 
dielectric material. 
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NOTCH ANTENNA WITH MICROSTRIP FEED 



Background of the Invention 



This invention relates to an improved printed 
radiating element antenna, and most particularly, to 5 
a novel slot intenna structure with integral feeding 
means and array arrangements formed therefrom. 

In designing an ^antenna for radio frequency 
energy It is important that the antenna be compati- 
ble with \he feeding network, that is. the transitional - io 
device that j's to' be employed between the antenna 
element and the feed means to excite the element 
'should be one* with "little or -no discontinuity that 

' would cause b'and width restrictions.- 

In seeking 'a brbadb^nd antenna compatible 75 
with, a feed * network, light in weijghi, rugged in 
construction" and yet simple to construct, the 
choices available to' an antenna engineer are rather 
limited. Seemingly, a possible candidate ■ having 
relatively good broadband characteristics would be 20 
the so-called ' dual-ridge antenna fbr' transmitting 
and receiving electrical' signals. In general," such an 
' antenna may comprise a ground plane ' with a* pair 
of matching directionki elements or ridges that may 
extend perperidicujarly from a ground -plane and' - 25 
have facing inner curved surfaces- which converge 

' toward the ground plane and terniinate at a pre- 
determined distance from the ground plane and 
from, each other." 'At a poirit of minimum^ separation 
betvyeen the' matching directional elements a trans- 30 
mission; line may be readily - utilized to* excite* the 

" matching ' eierheh^^ by means of a co- 

axial' [feed 'assembly: It is generally known that 
* when such' an assembly or transition is used as a 
feed line to such a dual-ridge type antenna there 35' 
may .be sbrhe- discontinuity, in practice, that may 
often; iimit or alter 'electrical characteristics, espe- 
, ^ cialjy the antenna's bandwidth. Moreover, a dual- 
ridge antenna is' not generally a structure that lends 
itself to a multiple connection feeding networks as 40 
would be necessary in a conformal array structure. 
■ Further', dual-ridge antennas with associated transi- 
tional devices are geheraily more difficult to manu- 
facture in a reliable and consistent fashion. ' 

In desigrning ari' antenna along with any neces- 45 

* ,sary impedance-matching or power-dividing circuit 

. component associated therewith, an antenna de- 
signer must make the antenna perforrn a desired 
^electrical function which includes, among -"other 
' , things, transmitting/receiving linearly polarized, so 
right-hand circularly polarized, left-hand circularly 

[ polarized, etc.. r.f. signals with appropriate ' gain, 
bandwidth, beamwidth. minor lobe level, radiation 
efficiency, aperture efficiency, receiving cross sec- 
tion, radiation resistance as well' as other electrical 



V characteristics. 

It is advantageous^ for an antenna structure to 
be Jightweight. simple in design, inexpensive and 
unobtrusive to the environment since the antenna is 

.'. often required to be rnounted upon or secured to a 
supporting surfaces, such as are often associated 

. vrwith a motorized, vehicle, high velocity aircraft, mis- 
sile, or rocket device , which cannot, of course, 
tolerate excessive deviations from, an aerodynamic 
* geometry. Of course, it is also sometimes desirable 
to conceal or hide an antenna or an array so that 

^ its presence is not readily apparent for security as 
well as aesthetic purposes. Accordingly, the ideal 
antenna should physically be very thin and not 
protrude on an external side of a mounting surface, 
such as an aircraft skin or the like, while yet still 
exhibiting all the requisite electrical characteristics. 

Antennas having very low profiles which can be 
flush mounted on a supporting surface are gen- 
erally referred to as conformal antennas. As men- 
tioned; such an antenna conforms to the contour of 
its ' supporting surface, and, therefore, reduces or 
eliminates any turbulent effects that would result 
when such a device is mounted or secured, for 
example, to a vehicle and propelled through space. 
Conformal antennas may,, of course, be construct- 
ed by several methods,: but can be generally pro- 
duced by rather simple photoetching techniques 
-well-known In the art. Such techniques offer ease 
of fabrication at. a . relatively low production cost 

- Briefly, conformal. antennas, or printed circuit board 
antennas, as they nnay be called, are formed by 
etching a single side of a unitary metallically clad 
' dielectric sheet or electrodeposited film using con- 
ventional photoresist-etching techniques. Typically, 
the entire antenna structure may possibly be on 
1/32 inch to 1/8 inch thick which minimizes cost 
' and maximizes manufacturing/operating reliability 
and reproducibility. I 

It can be appreciated that the cost of fabrica- 
tion of such printed, circuit board antennas is sub- 
stantially minimized since single antenna elements 
and/or arrays of such elements together with ap- 
propriate r.f. feedllnes, phase shifting circuits 
and/or impedance matching networks may all be 
manufactured as one integrally formed electrical 
circuit by using low cost photoresist-etching pro- 
cesses commonly used to 'make electronic printed 
circuit boards. This- method of producing an an- 
tenna structure is to be compared with the often 
complicated and costly prior, art techniques for 
fabrication of antennas for achieving polarized radi- 
ation patters as, for instance, a turnstile dipole 
array, the cavity backed turnstile slot array and 
other special antennas. 
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Antennas of the type considered herein, viz.. 
flared notch type antenna, have been configured in 
various forms. Briefly. U.S. Patent-No. 2.942.263; to 
Baldwin teaches a conventional notch antenna de- 
vice. Further. U.S. Patent No. 2.944.258 to Yearout. 
et aL, discloses a dual-ridge antenna as previously 
disclosed having a^broad bandwidth. U.S. Patent 
No. 3.836.976 to Monser, et al.. discloses 'a broad- 
band phased array antenna formed by; pairs of 
mutually orthogonal printed ' radiating elements, 
each one of such elements having a flared, notch 
formed thereon. Monser et all; teaches- a*' feed 
means in the form of a coaxial cable that is sol- 
dered to a metallization layer;:' this may generally 
cause some discontinuity wNch often limits the 
bandwidth of an antenna. On the other hand. U.S. 
Patent No. 4,500,887 to Nestsr discloses .a broad- 
band radiating element designed ^to:« provide a 
smooth, continuous tranisition from ra rmlcrostrip 
feed configuration to a flared notch-^antenna. 



Summary of the Invention- -k - 

An object of the subject invention is to provide 
an antenna which is compatible with broadband 
applications and microstrip circuitry. 

Another object of the subject invention is to 
provide an antenna- and its assorted feeding means . 
that offers an integral and smooth transition with 
substantial reduction in undesirable discontinuity 
therebetween. — 

Another object of the subject invention is to 
provide an array of antenna elements ^capable of , 
transmitting and receiving' r.f..energyJ,ov^r a broad 
frequency range. ■ ■ ^' - 

• A still further object of the subject invention Is 
to provide a riiethod and device Jn the form of a 
transitional means between a notch antenna and a-. 
- microstrip feed line. ^ 

It is yet another object of the subject invention 
to provide a novel broadband antenna device light 
in weight, compact design and relatively small in 
volume, ... c ' . 

It is further an object of the subject Invention to 
provide an improved conformal antenna array with 
associated feeding means having simplicity of de- 
sign and ease of fabrication.— ^ 

These and other objects : of the invention are 
attained by providing, an antenna comprising a strip 
conductor, a ground plane separated from and ly- 
ing parallel to said:striprCpnductor. said ground 
plane havirig a slot therein, said slot , extending 
transverse to said strip* conductor, .a conductive 
planar element positioned across said slot and or- 
thogonal to said ground . plane; said conductive 
planar element having curved surfaces extending 



upwardly and outwardly from said slot. The strip 
conductor and the ground plane provided with a 
. _ slot are separated generally by a dielectric, said 

dielectrics being either air or a solid material. 
5 A conductor or a strip conductor is generally 

formed by photoetching a metallized layer on solid 
dielectric substrate. Such metallized conductors 
serve as transmission lines and are referred to as 
' .microstrip transmission lines. Thus, such a con- 
10 ducting structure line consists of a cnetallized strip 
and a ground plane separated by a solid dielectric 
and support, as. a- consequerice, an . almost pure 
TEiyi mode of propagation. It will be appreciated 
that the composition of the dielectric substrate . may 
/5 » . be ol a: very wide range .of material , since, in 
practicej. a wide variety, of niaterials jWill Junction, 
including polyethylene/ ■ polytetrafluprDethylene. 
(PTFE), polyisobulylene, silicon rubbe^r, polysty- 
rene, polyphenylene. alumina, be^yllia ^ind ceramic. 
20 Any: dielectric. that can properly offer support for 
the rconducting antenna.elemept?. will answer. . 
<• .In a . notch antenna structure herein., the two 
metallizations that make up the conducting patches 
are sttqated on a planar dielectric substrate ancJ are 
25 spaced apart one from the other so, that the edges 
of each metallization that are adjacem one another 
present curved , edges that ,are; separated by vary- 
jng distarapeSr It will, .be appreciated that the facing 
edges .of;, eac(i meteilization are curved In. either a 
30. complimentary manner or npncprnplimentary man- 
. ner. .When complimentary, the curved edge has a 
point along the curve at which the, dflier^ portion of 
. the curve is the same or substantiaily tf^e sanie so 
that iUpon being theorjBtically folded^along'a rinerld- 
35 ian bisecting the metallizations, the. curved portion 
, would, substantially coinqide.;or mate.w 

portion. . On the other . hand..^^^ be 
. - considered nohcomplimehtarY it-,^^^^ 
: folded, the curves do not coinpid^" pf .substantially 
40 ., mate with one another. . , : 

• The two metallizations may.'b^ viewefj as a 
flared notch configuration in which a gap is fprmed 
at a relatively nan^ow portion of the antenna struc- 
ture where there is convergence of the tWo metal- 
45 lizations and a mouth is formed, at a wider portion 
therefrom, the two metallizations having their notch 
configuration derived commonly from the gap 
formed therebetween. In practice, a dual flared 
notch, maybe gerierally designed as to curve ex- 
50 ponentially outwairdly from. Jhe gap portion, the 
edges of the metailizations facing 6n0 smother and 
generally curving outwardly according to a continu- 
ous function. This function may l^e a linear function 
or a parabolic one. 
55 . An ^ antenna , assembly is diisclosed having 
, broadband applications arid comprises ^ dielectric 
material, a two-conductor transmissiqn line, one 
line being strip conductor forrned on one side of 
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. said dijelectric material and the other line formed as 
•a: ground plane on the other side of said- dielectric 
.material for propagation of a signal within, a pre- 
determined frequency range in quasi-TEM. mod 
via. said .strip conductor, said ground plane being 
provided with .a slot therein, said slot extending 
transverse to said strip conductor and terminating 
approximately one-quarter wavelength beyond one 
' side of said \ strip conductor, a dual. ridge antenna 
device positioned normal to said slot and ortho- 
gonal to said ground plane, said dual ridge antenna 
device having metallizations - In, electrical contact 

• with said: ground plane, each -ridge of. said .dual 
ridge -antenna.: device extending outwardly from 

• said slot accorcling to .a continuous function. . 

Brief Description of the.Drawings . 

Rgure 1 shows a schematic illustration of a 
prior art single notch radiating element with an 

• • open slot lirie termination: . ^ . , 

Figure r 2 ..shows an isometric illustration of 
:* the subject invention, herein disclosed and claimed; 

Rgure • 3. shows a cross-sectippal eleyational 
view of an antenna constructed- in accordance with 
: the^subject invention; . ^ c.:;.- - .,r.- > . . r 
- Rgure 4. shows a . top plan view , of the an- 
tenna structure shown in Rgure 3; ; ,} . 

Rgure 5, shows another embodiment in ac- 
; cordance .with the. subject invention; and * 

• . ^ Rgure - 6 . shows an array • arrangement as 
viewed from the base or bottom side ifor feeding an 
: t.antenna!array.} . m ^ , ; ■ - 

? Description of the Preferred Embodiments 



• v': A 'conventional (prior art) notch antenna device 

* 10 , is shown in Rgure 1 and consists of a metal- 
' : lization 11 situated on and integrally connected to a 

dielectric substrate 13. The notch antenna device 
10 has a mouth. 14 and a narrow slot, line 15 that 
are interconnected by a gradual transition as. shown 
: in Rgure 1. It is to be noted that a slot jine open 
circuit .16 is formed, at the base of the slot line 15, 
the. slot -line open circuit 16 being required for 

• impedance matching the antenna.deylce to. a trans- 
emission line. The cavity 16 places, nonetheless, a 

limitation on the ratio of high to low _ f rjequencies 
that the notched antenna. device 10 can properly 
receive i or transmit. The radiatipa patterti is un- 
idirectional and generally provides bandwidth usu- 
ally not exceeding about 4:1. It should be noted 
that this particular notch antenna configuration re- 
quires that the transmission line 18 be positioned 
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_^so that it Ijes in a plane parallel to and spaced from 
the plane of the tapered slot or notch device 10. 

An antenna element of the subject invention is 
^Illustrated in Figures 2. 3 and 4. A notch antenna 
5 eletmeht 20 ;for receiving and transmitting elec- 
tromagnetic .waves includes a . planar substrate 21 
.such as a dielectric material. As previously men- 
tioned,^ siich materials may be composed of a 
. dielectric or ceramic material PTFE composite. 
10 . "fibergiass reinforced with crosslinked polyoleflns. 
aluriiina arid the like. On one side of the surface 
. ^ suk)strate. a first and secpnd metallizations 22 and 
23,^, respectively, are bonded thereto and spaced 
apart as shown. The first and second metalliza- 
75 ..' tions, 22 and 23. have adjacent and facing edges 
'S 24' arid 25 that extend across the surface of sub- 
.strate 21 and .curve outwardly and remain spaced 
, apart. It should t)e Appreciated that the edges 24 
and 2p are very thin since the metallizations are 
20 generally deposited by electrochemical deposition, 
generajly haying "a thickness of about .0015 inch or 
] \ less. / . , * 

. In Rgures 2. 3 and 4. the two metallizations 22 
and 23 of notch antenna 20 approach one another 
25 at 26. to form a small spacing or gap 26 there- 
between, the two metallizations 22 Sand 23 define a 
hared notch antenna device in which a gap 26 is 
formed at the narrow approach bidtween the metat- 
Jizations at one end arid 'a mbuth portion 29 at the 
30 other end. , 

As best seen in' Figure 2. notch antenna 20 is 
. positioned on arid affixed orthogonally to a conduc- 
tive reference ground; plane 25 which, in turn, is 
^ bonded to a dielectric base 33 and the antenna 20 
OS .., is sp.positipned that thib gap 26 is in alignment with 
a slot 27 which has been ifprmed in said planar 25. 
, , As best depicted in Figure 4. islot 27 is as situated 
: in relation . to antenna 20 so that the slot passes 
normal to the antenna 20,' extending on both sides 
40. thereof. To. one side of substrate 21 a microstrip 
transmission line 28 is affixed to the bottom portion 
of base 33 and is. situated normal to the slot 27. It 
, can be . appreciated that this arrangement allows 
the microstrip transmissions line 28. duHng pas- 
45 sage of r.f. signal energy from a source, to be 
^capsicitlvely coupled to the slot 27 formed in the 
reference ground plane 25" and this, in turn, causes 
excitation of. the tapered slot betvyeen metallizations 
22 and 23 to produce a. radiation piattem. The slot 
50 . 27 contributes, to the. radiation pattern at the high 
frequencies.. . 

It can be appreciated that this arrangement 
allows, in a straightfbryvard fashion, feeding means 
to the notch antenna through a conventional micro- 
55 strip transmission line. As can be further appre- 
ciated, prior , arrangements' have required that the 
microstrip feeding means be in a plane positioned 
parallel to a antenna structure which more or less 
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results in an unfavorable geometry. In accordance 
with the subject .Invention, the microstrip transmis- 
sion line is situated in a plane perpenqlicular to' the 
plane of the tapered notch and, thus, is more 
symmetrical in design and a more favorable geom- 
etry. Thus, the coupling of r.f. electrornagnetic en- 
ergy to such structures, eig/. a broadband tapered 
notch antenna printed on a circuit bo^rd.'may be 
readily accomplished by mounting the\prlnted-cir- 
cuit board orthogonally to a conductive .ground 
plane and exciting the slot in ttie. ground plane via 
the microstrip transmission line, situated on 'the 
other side of the ground planq. . . _ 

Another embodlrnent is shown ip ; Figure ,5 in 
which a dielectric rriaterial 33 Is; provided for sup- 
port on the bottom portion.,pr side of a^microstrip 
transmission line 28. and. th0 other.>ide a grpund 
plane 25 having a slot i?. therein, the.ground plane 
25 being a supporting sjjfface fpr *and integrally 
connected to a broadband notch antenna element 
20 comprising rectangular substrate 21 having two 
metallizations 22 and 23 . that are cohdu'ctlyely 
coupled to the ground plane 2S. In this embodi- 
ment the metallizations forming.the notch antenna 
20 are bent to one side as shown. As . can be 
appreciated, both embodiments. Figure 2 and Fig- 
ure 5. are notch antenna that act as transformers 
that match and guide electromagnetic waves to and 
from free space. 

From the desdription given above it can be 
seen tfiat the present invention provides a new 
combination of a notch antenna structure with a 
.microstrip transmission Hn© tiiat>lihninates dlscorf- 
tinuities and provides, a strailghtforvvard method arid 
structure for directly f^eding/dr rec^ivin^ energy 
in an inexpensive ahVesfeiiy-^i^anuf^^^ f"^"' 
ner that remains cpmpatible witli bro^^ 
plications and microstrip bircuitry. " ' 

In operation, the notch antenna device 20 is 
fed by a naicrostrip transfnissioh line and, so when 
supplied with r.f: energy, it creates a ' hear field 
across the flared notch which thereby establishes* 
the. propagation of the far field i^adiation. It will be 
appreciated that the polarization bf such a notch 
antenna is somewhat anald^duS to that of a simple 
dipole antenna in that radiatibn is launched linearly 
from the notch' with the E-vector component lying 
in the plane of the planar substrate 21 and the H- 
vector component being' normal thiereto. ' 

The subject invention ialso contemplates, its ap- 
plication in array structures and. in particular, phas- 
ed array arrangerniahts: Prior to the subject inven- 
tion, it was difficult to. feed such " structures. The 
subject iriventioh . provideis^; the .means to feed a 
broadside, a linear or planar array whose direction 
of maximum radiation is perpendicular to the line or 
plane of the array, as well as end-flre; linear anray 
antennas whose direction of maximum radiation is 



parallel to the line of the array in such a way with a 
microstrip distribution network without plated 
tfirough holesi or other difficult and expensive de- 
" vices. Rgur© 6 shows! the reference or ground 

5 ^)lan© 37 of an array anrangement for feeding the 
sam and the microstrip transmission line 28 is 
connected to a network of power combiners 30 
which distribute the power to fixed or variable ac- 
tion or passive phase shifters 3t'^nd from, these to 

70 ' miclostrip feed lines 32. J' ' 

Although only a few exemplary -embodiments 
of this Invention have been 'specifically described 
' -above, those in the art Sfl^ill a'ppreciate that many 
• variations iand modlficaltroris'^^may be rrtade in the 

15 exemplary embodiment ' without substantially de- 
parting frorn the unique and hovel features of this 
inventiori. Accordingly; ' alf ' such Vari and 
modifications are intended to be included within the 
scope of this invention as defined by the following 

20 appended claims. . ; . ." : j : 



''' 'Clainis " ' ' ' ' ' ' V'"' " 

25 1. A broadband antenna comprising a strip 

conductdi-, a ground plane separated from and ly- 
' ing paraflel to said strip conductor; said ground 
plane having a slot • therein;'^ said slot extending 
transverse -to said strip conductor, a conductive 
30 planar element positioned acrbss said slot-and or- 
thogohar to said ground plane, said conductive, 
planar element having curved surfaces ^extending 
- upwardly and outwairdly-from said- slot.:' ' 

2. A broadband anteniia as -rented. in Claim 1 
35^ Where said conductive planar element , is'symmetri- 

caiHy mounted over said slot; ^ 

3. A broadband antenna as recited. -in Claim 1 
wherein said conductive planar element comprises 
a metallization disposed on a dielectric substrate. 

40 4. A brpadband antenna as recited in Claim 1 

wherein the slot is a parallelograrh opening in the 
ground plane. 

5. A broadband antenna as recited Jn Claim 4 
wherein the length of parallelogram opening \s one 
45 half of a wavelength at the highest operating fre- 
• quency. ' " * 

6? A broadband antenna- as recited in Claim 1 
wherein the curved surfaces of said conductive 
' planar element comprises two separate metalliza- 
60 tiohs each bound by two radii and an included 
curved edge 'to ' define said cur/ed surfaces for 
transmitting and receiving electromagnetic waves. 
• - "7. A broadband antenna as recited in Claim 6 
■ ^wherein the curved edges of the two separate 
55 -metallizations are in close proximity and r spaced 
' apart from one another to^ define at -the closest 
proxirhity a gap therebetween. ' : v 
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8. A broadband antenna as recited in Claim 6 
wherein the curved edge 'of each metallization flare 
outwardly according to a continuous linear function. 

9. A broadband antenna as recited in Claim 5 
wherein the curved edge of each metallization ffare 
outwardly according to a continuous parat^otic. lin- 
ear, or exponential function. 
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® The subject invention provides an Improved con- 
formal antenna array assembly having a strip con- 
ductor (28), a ground plane (25) separated from and 
lying parallel to said strip conductor, said ground 
plane having a slot (27) therein, said slot extending 
transverse to said strip conductor, a conductive 
planar element (20) positioned across said slot and 
orthogonal to said ground plane, said conductive 
planar element having curved surfaces (22, 23) ex- 
2 tending upwardly and outwardly from said slot. The 
^ strip conductor or microstrip and the slot-containing 
<M ground plane are separated by a dielectric material. 
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